I. INTRODUCTION

The primary purpose of JEM-EUSO mission [1] is the detection of the Extensive Air Showers (EAS) created by the Extreme Energy Cosmic Rays (EECR >10
19 eV), inside the atmosphere. JEM-EUSO, which is a fluorescence telescope, looking downward, that should be installed on the JEM module of the International Space Station, will detect the fluorescent photons released by the EAS. By observing these phenomena from the upper side of the atmosphere, this telescope will be able to identify the EECR.
SPACIROC [2] , which stands for Spatial Photomultiplier Array Counting and Integrating Readout Chip, was designed according to the requirements from the JEM-EUSO consortium. Multi-anode photomultipliers (MAPMT) are proposed to be the sensitive device of the JEM-EUSO observatory focal surface. SP ACIROC was designed to accommodate the readout of these MAPMTs. As JEM-EUSO is intended to track the fluorescent light, this ASIC is required to count the number of photons reaching each pixel of the MAPMTs. The secondary mission of SPACIROC is to measure the intensity of photon flux by performing charge to time (Q-to-T) conversion. The final dimensions of the ASIC are 4.6 mm x 4. 1 mm (19mm2) and it was submitted to the foundry in March 20 10. The chip was developed using the 0.351lm SiGe process from AMS.
II. THE ASIC SPECIFICATIONS AND FEATURES
SPACIROC offers 64 inputs dedicated to the anodes of one MAPMT and 1 input for the last dynode. For the following, the MAPMT gain is assumed to be 10 6 in order to have 1 photoelectron (1 p.e.) corresponding to roughly 160 fC.
The required specifications for the chip are the following:
• 64 channels preamplifier with independent gain (8-bit) adjustment.
• Photon Counting : 64 channels.
• Q-to-T converter : 1 channel for last dynode + 8 internal channels (multiplexed inputs).
• 100% trigger efficiency for charge greater than 50 fC (� 113 p.e.).
• Q-to-T converter input range: 2 pC -200 pC (12.5 p.e -1250 p.e.).
• Power consumption : � 1 m W Ichannel.
• 9 data serial outputs. The circuit design was geared towards low power consumption and radiation hardness for the spaceflight electronics systems. Several design and layout techniques have been applied to SPACIROC in order to increase its tolerance against the Single Event Latchup (SEL) and Single Event Upset (SEU) effects. which has been used in MAROC3 chip [3] . Thanks the SCB structure, the preamplifier has a reasonably low input impedance (�I 00 Ohm) and while maintaining a low quiescent current. These two characteristics are important for minimising the crosstalk and static power consumption.
Afterward, the preamplifier outputs are sent to Photon Counting and KI in order to transform these signals into trigger pulses. The use of the word "trigger(s)" in the next sections will refer to the Photon triggered pulses on the outputs of this ASIC analog part.
2) Photon counting
The 64-channel Photon Counting block is required to discriminate the preamplifier signal into trigger pulses. For this prototype, the ASIC offers three different trigger outputs These three triggers are sent to the digital block via a 4-to-l analog multiplexer. The fourth input of the multiplexer is for the external trigger signal which is used to test the digital block independently. Two lO-bit DACs are used in this block: the first DAC is shared between TrigJSU and Trig_ VFS and second DAC is used for setting threshold in the Trig_PA.
3) Kl (Q-to-T converter)
The 9-channel KI Q-to-T converter is based on Time Over Threshold technique. This method offers rough measurements of the input charges while maintaining a simple architecture on the analog and digital side of the ASIC. The design of this part was done in collaboration with ISAS/JAXA, Konan University and RIKEN of Japan, based on the KI02/03 [4] chip.
The first 8 inputs of the KI converters take the pre-amplified signals of the MAPMT anodes. The pre-amplified signals are reorganised into the sum of every 8 neighbouring channels or pixels; hence the given name of 8-pixel-sum for this part.
Lastly, the 9 th input of KI takes a signal coming directly from the last dynode of the MAPMT. Figure 4 shows the general architecture of this converter. Once the current source takes over, the capacitive network will discharge through the constant current source. Therefore, by tuning the current source, it will modify the capacitor discharge slope and will change the trigger pulse length.
B. Digital design
All the data acquisition and readout are done within a defined time slot which is call Gate Time Unit (GTU=2.5!ls).
This means that during every cycle of GTU, the present data are acquired and the previously acquired data are sent out to DAQ system via serial links. The other part of the digital block is used to digitise the 9-channel KI. The counters for the KI are clocked by the digital system clock and the triggers are used as the enable signal on the counters. Therefore, the KI trigger pulse width length could be estimated directly from the counter data. A serial link is used to send the KI data and a parity bit is also available for data verification.
The digital part of SPACIROC was designed carefully in order to minimize area usage, to reduce power consumption and to increase the robustness of the system. Flip-flops in critical areas are implemented in Triple Modular Redundancy (TMR) configuration in order to mitigate the effects of SEU. 70 1 
IV. MEASUREMENTS
The ASIC was received in October 20 10 and extensive tests have been carried out. A test board ( Figure 6 ) and a Labview interface have been developed to perform these tests. r.:: ::'""j As shown in Table 1 , Trig]SU is giving the best trade off in term of noise, performances and power consumption.
Thanks to the FSU variable gain, it will give the users flexibility on controlling the noise level, shaping time and overall gain. The overall performances of the Photon Counting are satisfying and have a good agreement with the post-layout simulations. The major problems that were identified were the high noise level in FSU for certain configurations and the design flaws of the Trig_ VFS discriminator. However these issues don't affect the functionality of the ASIC itself.
PHOTON COUNTING CHARACTERISTICS SUMMARY
For the KI part measurements, it was done in collaboration with Konan University and RIKEN of Japan. Figure 11 is showing the linearity tests of the KI by using continuous LED light source. The final target is to give coarse measurements of the photon intensity under the JEM-EUSO running conditions. 
